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摘要 
金属有机框架材料由于其独特的结构和功能可调性使其在很多方面都有很
好的应用前景，如气体吸附，化学传感，多相催化，非线性光学和药物传输。
基于这些吸引人的应用前景，本文报道了基于茚酮衍生物的有机桥连配体合成
的金属有机框架材料（MOFs）。由于其结构可调节性，MOFs 不仅能够通过设
计具有不同发光官能团的有机配体构筑新型可设计的天线材料，而且由于它清
晰的结构特征有利于配合理论计算定量研究在框架结构上能量传递的动力学。
因此，利用具有光捕获性能的 MOFs 来研究单线态的 Förster 能量转移也是本文
的一大亮点。主要内容如下： 
（一）以茚酮衍生物为配体，根据不同的合成方法合成含有不同金属种
类，尺寸孔洞不等，结构相异的金属有机框架材料。根据单晶衍射，XRD，
TGA 以及吸附等表征方法来分析和讨论实验得到的 3 种金属 MOFs 的基本性
质。 
（二）由于其可设计的光捕获构筑模块，金属有机框架材料被用来模拟自
然界绿色植物参与光合作用的发色团阵列。我以此为基础系统研究了在结构清
晰的网络框架中的激发态能量转移。框架中的能量转移此前用激发态一步一步
的最近邻随机跳跃模型来描述。尽管这种最近邻跳跃近似法在描述通过 Dexter
机制的三线态能量传递方面很有效，但是它却不足以描述通过 Förster 机制的单
线态能量转移。因为该能量转移模式还包括超越一步跳跃的远距离传递。本文
通过利用两种不同类型但金属和配体却一样的 MOFs 吸附不同浓度染料分子来
模拟和研究单线态能量转移。通过实验数据得到，超越近邻跳跃的空间能量传
递路径在整个能量传递过程占 67%。这个发现给设计和理解单线态在框架结构
中高效的能量传递提供了新观点。 
关键词：金属有机框架材料，Förster 能量转移 
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Abstract 
Metal-organic frameworks (MOFs) have been known as a category of functional 
materials with tunable structures, which lead to potential applications in gas storage, 
chemical sensing, heterogeneous catalysis, nonlinear optics and drug delivery. This 
thesis reports the synthesis of MOFs with truxene-based ligands, and the construction 
of light-havesting systems from these MOFs. As a structurally well-defined platform, 
MOFs not only present new opportunities for the judicious design of antenna materials 
using chromophore-based ligands, but also enable study of energy transport dynamics 
in networks with well-defined structures. One highlight of this thesis is using light-
harvesting MOFs to study Förster energy transport of singlet excitons. The main 
contents of the thesis are as follows: 
(1) MOFs with truxene-based ligand were synthesized in different ways, which 
contained different metals, sizes and structure. Single crystal diffraction, XRD, 
TGA and gas adsorption were used to characterize the basic structure of these 
metal-organic frameworks. 
(2) Metal-organic frameworks (MOFs) with light-harvesting building blocks 
designed to mimic photosynthetic chromophore arrays in green plants were 
constructed to study exciton transport in networks with well-defined structures. A 
step-by-step exciton random hopping model made of the elementary steps of 
energy transfer between only the nearest neighbors is usually used to describe the 
transport dynamics in chromophore networks. Although such a nearest neighbor 
approximation is valid in describing the energy transfer of triplet states via the 
Dexter mechanism, we found it inadequate in evaluating singlet exciton migration 
that occurs through the Förster mechanism, which involves one-step jumping over 
longer distance. We measured migration rates of singlet excitons on two MOFs 
constructed from truxene-derived ligands and zinc nodes, by monitoring energy 
transfer from the MOF skeleton to a coumarin probe in the MOF cavity. “Through 
space” energy-jumping beyond nearest neighbor accounts for up to 67% of the 
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energy transfer rates. This finding presents a new perspective in the design and 
understanding of highly efficient energy transport networks for singlet excited 
states. 
Keywords: Metal-organic Frameworks, Förster Energy Transport 
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